ABSTRACT. The ability to repeat words is almost always preserved in thalamic aphasia. The pathophysiology of both thalamic aphasia and preservation of repetition are not fully understood. In a case of severe aphasia with preserved repetition after a left thalamic hemorrhage, MRI disclosed left thalamic lesion and loss of fractional anisotropy in the left centrum semiovale. FDG-PET showed severe hypometabolism in the left cerebral hemisphere, except for superior and transverse temporal gyri, calcarine fissure and frontopolar regions. Primary sensory function may be less functionally dependent on thalamic connections than heteromodal and paralimbic areas, which have connections with several thalamic nuclei. The extensive cortical hypometabolism due to diaschisis may have been responsible for the severity of the aphasia, whereas the less severe reduction of metabolism in the superior and transverse temporal gyri, and also, albeit less evident, in Broca's area, might explain the preservation of repetition. Key words: aphasia, thalamic aphasia, repetition, neuroimaging, subcortical aphasia.
C ognitive functions, particularly language, have always been considered "higher cortical functions". In this context, aphasia due to thalamic lesions, although described over one hundred years ago, 1,2 were considered inconsistent or dubious until the 1970's. For instance, no mention of aphasia due to thalamic lesions can be found in two of the most influential European books on cognitive neurology of the 1960's. 3, 4 The advent of CT-scans in the 1970's allowed easier topographic diagnosis of thalamic lesions. Several reports of thalamic aphasia have since been published. [5] [6] [7] It was usually described as an atypical aphasia, [8] [9] [10] with the remarkable finding of preservation of word repetition. 8, 10, 11, 12 Gaps in our understanding of thalamic aphasia remain. The thalamus is an important hub of cortico-striato-thalamic-cortical loops, 8, 10, 12 which may explain the aphasia after thalamic lesions. Also, thalamic nuclei are part of the ascending reticular activating system 13, 14 In thalamic lesions, the activity of the neurons of the cerebral cortex is decreased due to reduction of afferent excitability, a phenomenon called diaschisis.This phenomenon explains changes in both functional and structural properties in areas that are distal to, but previously connected with, the lesion site. 15, 16 Furthermore, the reason for preservation of repetition of words often seen in thalamic aphasia is also unclear.
We studied a case of thalamic hemorrhage and, based on analyses of the clinical features and neuroimaging findings, we propose a hypothesis for the preservation of repetition.
CASE REPORT
A 59-year-old, right-handed woman, who had been treated for moderate arterial hypertension, had an acute episode of right-side hemiplegia. A brain CT revealed an intracerebral hemorrhage of approximately 50 milliliters with its center in the left thalamus, which had ruptured into the ventricles (Figure 1 ). She was submitted to external ventricular drainage with continuous monitoring of intracranial pressure. The patient remained unconscious for several weeks and was hospitalized for almost five months.
She was seen at the outpatient clinic 19 months after the stroke. She had remained at home since leaving hospital, where she experienced severe limitation in daily activities and was still using diapers. She was always in a good mood, seemingly unaware of her condition.
At examination, she was in a wheelchair, with neglect of the right visual field, right-sided hemiplegia and hemianesthesia. She was unable to perform on command or to imitate simple gestures with her left arm.
Her spontaneous speech was very poor, restricted to simple words or monosyllables. When she tried to say something else there were many phonemic paraphasias and neologisms. Palilalia was also frequent. She was able to understand and respond to simple commands such as "open your mouth", but perseveration ensued almost immediately. Naming was also severely impaired. She was able to name only one out of ten simple drawings and she also had severe difficulty singling out an object after hearing its name. Her performance fluctuated on almost all tasks, although was consistently very poor.
Repetition of single words or familiar short sequence of words (such as the name of the street where she had been living for years) was preserved.
She was able to repeat 4 digits forwards, but none backwards. Semantic verbal fluency was zero and she scored 3 on the phonemic (FAS) test. She was able to read simple phrases aloud such as "close your eyes", but she did not obey the command. She was unable to write, not even single letters, or to copy single figures, when closing-in phenomena was observed.
Her speech improved for a few seconds when she was asked about her only son, but after only two or three short phrases, her speech again became unintelligible and non-fluent. Besides her ability to repeat words, she also could sing old songs together with her caregivers.
Neuroimaging MRI showed a residual cavity in the left thalamus with a confluent white matter hyperintensity in the left centrum semiovale. The left hemisphere was slightly smaller than the right hemisphere. Color fractional anisotropy map revealed loss of anisotropy in the left centrum semiovale, and tractography focusing on anterior thalamic radiations showed normal appearance on the right side, yet almost no clear fiber identification on the left side. (Figure 2 A-F).
The and with repetitive transcranial magnetic stimulation (r-TMS), which was performed with a MagPROX100 device (Magventure® Tonika Elektronik, Farum, Denmark) at 10Hz, using a butterfly double-cone D-B80 cooled coil, held tangentially to the scalp using previously described protocols. 17 The total treatment consisted of sessions five days per week for two weeks. Neuropsychological evaluations were performed before, after the first and after the second weeks. 18F-FDG-PET scans performed before and immediately after the end of the r-TMS also failed to show a difference.
DISCUSSION
This patient presented with right-sided hemiplegia, probably due to involvement of the internal capsule, and with other signs that suggested involvement of the left cerebral cortex, including severe aphasia, leftsided apraxia and right visual field neglect. PET imaging showed that the metabolism was severely impaired in almost the entire left brain hemisphere, except for a few regions, which included the calcarine region and the superior and transverse temporal gyri. These findings suggest that the main visual and auditory pathways might have remained undamaged.
Aphasia: clinical features
This patient had an atypical aphasia with characteristics suggesting mixed transcortical aphasia, which involves both sensory and motor components. Poor comprehension with jargon aphasia is described in sensory transcortical aphasia, whereas low spontaneous speech is a characteristic of motor transcortical aphasia. 18 According to the classical view, mixed transcortical aphasia is caused by anoxic, toxic or ischemic lesions in the left cortical areas located posteriorly to Heschl's gyri and anteriorly to Broca's area, sparing the perisylvian language areas, explaining the preservation of the ability to repeat words. 18 This classical view has been questioned following observations of mixed transcortical aphasia with extensive lesions to the left hemisphere, where the perisylvian language areas were not spared. 19, 20 In these cases, there are data suggesting that the contralateral hemisphere may mediate repetition abilities. 20 In the case described here, language was not restricted to repetition, but all other language features were severely impaired, suggesting an extensive cortical lesion. Some authors have described transcortical features in thalamic aphasia, 6, 11 while others regard thalamic aphasia as an atypical aphasia [7] [8] [9] [10] Aphasia: pathophysiology Many hypotheses have been put forward to explain the occurrence of aphasia in thalamic lesions (see review by Crosson, 2013) . 10 Involvement of the cortico-striatopallidum-thalamus-cortical loops 8, 21 and diaschisis due to the reduction of impulses from the thalamus to cortical networks 15 are the most frequently postulated theories.
Studies using SPECT (single photon computed tomography) 22, 23 and with PET have revealed cortical hypoperfusion in the thalamic aphasia, suggesting that diaschisis could be the main causative factor of aphasia. 15, 24 In the present case, 18F-FDG-PET showed diffuse severe cortical hypometabolism in almost all left hemisphere cortical areas, with relative preservation of metabolism in perisylvian language areas (Figure 3 A-C) . Diaschisis may be responsible for the clinical features of the aphasia in this case.
Preservation of repetition
Our hypothesis is that the ability to repeat words seen in this case is due to the relatively preserved metabolism in the perisylvian language areas. Primary sensory and motor areas have the most restricted connections with thalamic nuclei (and with medial and lateral geniculate nuclei for auditory and visual pathways, respectively), whereas the heteromodal and paralimbic areas have heterogeneous connections with several thalamic nuclei, including those that are part of the reticular activating system. 14, 25, 26 In this sense, primary areas are less dependent on thalamic impulses.
To conclude, thalamic aphasia may be predominantly due to diaschisis, as proposed by other studies. The preser vation of the ability to repeat words after thalamic lesions might be explained by the relative preservation of brain metabolism in the perisylvian language areas, given these areas tend to have less thalamic connectivity (and thus less dependent on thalamic impulses) than heteromodal and paralimbic areas. Clearly no hard conclusion can be reached from the study of a simple case, but ideas raised by a case study can be subsequently tested in case series or with more advanced tools.
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